Light alloys machining is a widely implemented process that have usually used in 10 presence of cutting fluids to reduce the wear impact and increase tool life. However, current 11 environmental protection policies require their elimination in order to improve process 12 sustainability. This fact forces to work under aggressive cutting conditions, producing adhesion 13 wear that affects the integrity of the part surface. This study describes cutting tool wear mechanisms 14 in machining of UNS A92024 samples under dry cutting conditions. EDS analysis showed the 15 different composition of the adhered layers, while roughness was also positively affected by the 16 change of the cutting geometry produced in the tool.
. In 74 order to study the evolution of the tool wear, several tests have been performed at different 75 machining times. The cutting speed was set at 100 m/min and feed rate at 0.1 mm/rev. These 76 parameters have been selected providing the minimum roughness values in previous works [17, 19] .
77
The tool used was an uncoated WC-Co neutral tool with a general-purpose chip-breaker ISO 78 DCMT11T308 [23] , from SECO Tools. The main geometrical data are represented in Figure 1 .
79
Selection of this cutting geometry comes given by its extensive use for machining aluminium alloys 80 [24] [25] [26] . The experiments were filmed using a Motion Pro X4 (Redlake, Cheshire, CT, UCA) high-81 speed camera, at a capture frequency up to 8k fps. 
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Image v7 software (Clara Vision, Verrières le Buisson, France). The affected area of the rake face was 88 automatically recognized by filtering color pattern, taking 3 measures for the analysis (Figure 1 ).
89
Similarly, ten thickness measures were taken at the flank face, using the ISO 3685 standard as a 90 reference ( Figure 1 ).
of 11
Some of the machining conditions were specifically studied by obtaining the cross-section of the 92 tool, Figure 1 ). So, the tool was cut using a wire electro discharge machine ONA PRIMA E25 (ONA, Initially, the chip surface was bright and smooth, with no marks of cracks in the contact zone, 110 cutting edge and rake face, and did not present any deformation or irregularity. When adhesion 111 started, the surface changed reducing the contact area and leaving part of the chip without support 112 during its formation, producing cracks and marks on its external surface. For this reason, it is 113 reasonable to think that the development of the adhered material is almost instantaneous, being the 114 more important mechanical component of the wear process, being in accord with some studies [3, 6] .
115
For a longer machining time, visual inspection analysis is shown in Figure 3 . The width of the 116 affected area is related to the depth of cut, increasing the contact length between the chip and the 117 rake face. This area generally increases over time, mainly due to the material softening produced by 118 the high process temperatures. In the first instants, and until the BUE was completely extruded over 119 the tool, the temperature increased, softening the aluminum matrix and easing its adhesion to the The composition of the adhered layer is affected the cyclic mechanism. An example of this can 150 be observed in the SEM analysis over the rake face (Figure 7) , that revealed three layers with different 151 thicknesses that have slight changes in their composition. The first one, marked in orange in Figure   152 7, is a thin layer with lower Cu content than the nominal alloy. The second one is thicker, but the 153 amount of Cu in its composition has not been as expected from the alloy specifications (4% Cu),
154
indicating that both layers were adhered by thermomechanical processes.
155
Initially, friction between the tool and chip increases the temperature in the contact area. This 
159
gradually decreasing the cutting temperature, but also improving the transfer between the tool and 160 chip. For this second step, the process is similar, but it is easier to obtain Cu particles at the surface.
161
This thermo-mechanical adhesion continued up to a thickness where the mechanism changes to 162 mechanical adhesion, caused by the extrusion of the adhered material over the first and second layers. This stratification is given on the rake face, following the chip fluency direction (Figure 8c ). The 
175
In addition, the adhered material has changed the initial geometrical conditions. Although the 176 rake angle increased (modifying the shear angle and the chip fluency), and consequently changing 177 the wear mechanism to abrasion, the most important change occurred at the edge of the tool. BUE
178
changes the positioning angle of the edge (Figure 8b) , directly affecting the surface integrity of the 179 machined part.
180
According to the literature, mechanically adhered materials are unstable and could detach and 181 drag some parts of the tool [27] . In fact, it emerged from some of the tools studied that allowed it to 182 be studied in Figures 4 and 5 . When the adhered material is dragged outward, some parts of this 183 material continue to adhere (Figure 9 show this effect).
185
Preprints ( In the other side (reverse, Figure 10 ), there are cracking morphologies in the direction of chip 194 fluency. They may be produced by the temperature changes during the chip extrusion and the MBUL
195
deposition. The EDS analysis shows a composition close to the aluminium alloy, suggesting that the 196 first layer responsible for the appearance of marks on the chip (primary BUL) do not easily detach.
197
Additionally, the crack on the MBUL surface generally contain small spheres with W and Cu as main 198 components. This spheres seem to be part of the intermetallic alloy mixed with tool particles, that 199 could cause synergistic behavior of the two main wear mechanism: adhesion and abrasion. 11.c) the main position angle of the cutting edge is modified [3, 8, 16] , leading to a variation of the Ra 208 [11, [28] [29] . In the case of aluminium alloys, Ra can decreased with machined length, that is to say, 209 surface integrity improves as machining time increased ( Figure 12 ). However, this decrease has been 210 accompanied by strong oscillations, caused by the cyclic adhesion and drag process explained above.
211
Thus, as the adhered material increases, the height of the roughness value decreases, and so, Ra 212 decreases. It is exposed in Figure 11 .d, where the real height of the roughness is lower than the 213 theoretical one. Nevertheless, when a part of adhered material is carried out, as explained above, the 
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The behavior of Ra is highly influenced by the adhered material, but the influence is different 222 depending on the adherence process. If one studies the statistical correlation between Ra and the two 223 phenomena of secondary adhesion (BUE/BUL), it is possible to see that the material adhered in rake 224 face (BUL) controls the dependence of Ra (Figure 13 ). The correlation between the thicknesses of 225 material adhered on cutting edge is around 40% for a cutting depth of 2 mm, being worse for the rest 226 of cutting depth. Therefore, the correlation between area affected by adhesion and Ra is around 50%, 227 but depending on the depth of cut it can be very high. In the case of 2 mm depth is about 86% and in This means that when the tool is highly affected by adhesion in the rake face, forming BUL, the 232 Ra decreases by the geometric effect explained before. So, the general trend is to decrease the Ra, but 233 this trend is not constant along the time, because the tool material that is removed during the cyclical 234 process produce mechanical cracks that weakens the tool, leading for longer times to a worse surface
